Introduction: Penetrating brain injury (PBI) is uncommon among the civilian population. Here, we report two interesting cases of PBI. Case presentation: The first patient was a 20-year-old male who sustained a penetrating head injury with a metal bar during an accident at work. The patient underwent early surgical intervention, and related meningitis was treated with antibiotics. The patient was discharged 45 days later with no deficit. The second patient was a 34-year-old male who was the victim of a violence attack and was admitted to hospital. He was struck by a knife to his right temporal bone. A brain computed tomography scan and magnetic resonance imaging (MRI) demonstrated the tract of the knife within the brain parenchyma. The patient underwent conservative treatment. After several weeks, the patient was discharged in good health. Conclusion: Although severe PBI has a poorer prognosis than a blunt brain injury, in treating of these patients, aggressive and timely surgical intervention, proper wide-spectrum antibiotic administration, stringent and diligent care in the intensive-care unit and careful management of the associated complications are mandated.
Introduction
Penetrating brain injury (PBI) caused by foreign bodies is encountered mainly in the military during wartime. It is uncommon among the civilian population, 1,2 and when found is mostly caused by violence, suicide, road traffic accident, and work accidents. 3 Although it generally caused by low-velocity missiles or metallic objects, non-missile PBI are very rare in this group. 4 PBI-induced metallic objects, including nails, knives, screwdrivers, needles, ballpoint pens and so on, have been reported in the literatures. 2 Here, we report two cases of PBI: impalement caused by a metal bar during an accident at work, and an incident of violence with a knife. Both cases show the severity of the trauma but also a good outcome.
Case presentation Case 1
The patient was a 20-year-old working male admitted to the emergency department at Rasoul-e-Akram Hospital in Tehran following a PBI during an accident at work. A long metal bar had struck the patient's head and had entered his skull from the right frontal lobe, exiting from the contralateral occipital bone after crossing the midline. On physical examination, the Glasgow Coma Scale (GCS) score was 14/15, which was associated with symmetrical, reactive and normalsized pupils and symmetrical movement of the extremities. A physical examination demonstrated the long metal bar within the skull (Figure 1(a) ).
To prevent any additional injury due to patient agitation and movement, he was sedated, and widespectrum antibiotics and an anticonvulsant were administrated. Radiological imaging was performed after shortening the metal bar. The skull radiograph and brain computed tomography (CT) scan showed in detail the metal-bar tract within the brain parenchyma. In order to evaluate the vascular injury, a brain CT angiography was done, and no injury was shown (Figure 1(c) -(e)).
After initial evaluation, the patient underwent surgical intervention. Under general anesthesia and in a semi-lateral position (to the right side), the patient's head was fixed on a Mayfield holder (Figure 1(b) ). Two curvilinear incisions were made around the entrance and exit site of the bar. A right frontal and left occipital craniectomy was performed, and the dura matter was opened on both sides. Because of regularity on the distal end of the metal bar, it was taken out carefully through the occipital side. Care was taken to control any bleeding from the torcular herophili. Fortunately, no severe haemorrhage occurred. After sufficient irrigation, the dura and skin were closed in a routine manner.
A postsurgical CT scan showed only minimal intraventricular haemorrhage and contusion, in addition to a few bone fragments within the brain parenchyma ( Figure 1(f) ). After the operation, the patient was transferred to the intensive-care unit (ICU), and related meningitis was treated using wide-spectrum antibiotics. The patient discharged 45 days later in good health, fully consciousness and with no sensory, motor or verbal deficits.
Case 2
A 34-year-old man was attacked with a knife which was inserted into his right temporal bone. However, it was removed before he was transferred to hospital. His initial GCS was 7/15 (eye ¼ 1, movement ¼ 5, verbal ¼ T). He was admitted to the ICU, and two weeks later, he was transferred to Rasoul-e-Akram Hospital.
A physical examination demonstrated a GCS of 9/15 (eye ¼ 2, movement ¼ 5, verbal ¼ 2) with mild left-sided hemiparesis, hyperreflexia and a small wound to the right temporal bone. The brain CT scan showed a tract of hypodensity originating from the right to left temporal lobe after crossing the midline (Figure 2(a) ). An MRI demonstrated the tract of signal change (hypersignal intensity in T1, T2 and fluid-attenuated inversion recovery imaging sequences) entering from the right temporal bone, and passing the right internal capsule and thalamus, crossing the midline in the posterior of the third ventricle, and reaching the left thalamus and internal capsule, in a right-to-left and inferior-to-superior oblique direction (Figure 2(b)-(f) ). The patient underwent conservative treatment with anticonvulsant medication, wide-spectrum antibiotics and ICU care. After several weeks, the patient was discharged in good health. He was completely consciousness, and the movement of his limbs had improved.
Discussion
PBI has higher mortality and morbidity rates than blunt trauma in the civilian population. 2 The higher mortality rate is independent of factors such as GCS, age, sex and trauma mechanism.
2 Removal of the foreign body is not always necessary to prevent further injury and infection, which are less likely in patients with bullets within the brain for example. However, metal bars and other such missiles should be removed due to the extracranial component. A brain CT scan is the initial radiological intervention. However, sometimes, extreme metal objects may diminish the quality of a brain CT scan, and it may show no findings of trauma. A brain CT scan is mandatory in order to evaluate the trajectory of the weapon, injury to the intracranial structures and any possible complications. Brain CT angiography is recommended for evaluation of cerebrovascular insult. 3 When a long object enters the cranium and is embedded within it, impalement brain injury can occur. In the past, this was often the result of torture injury, but now it occurs due to falling, motor-vehicle accidents and unusual accidents at work.
5 Impalement brain injury is rare, and victims rarely survive, as the injury extends to the scalp, skull and the brain parenchyma. It should be borne in mind that any foreign-body movement can induce further injury, and this should be avoided. 5 After initial resuscitation, the goal of treatment is to remove the foreign body without causing further injury, sufficient debridement of the brain for bone and foreign-body fragments and other debris. Further goals of treatment include evacuation of the intracerebral hematoma, exact haemostasis, removal of necrotic brain tissue, watertight closure of the dura and exact incision sutures to prevent any cerebrospinal fluid leakage as well as infection. 5 Early surgery can decrease the likelihood of infection, especially in impalement injuries. 5 A spiral brain CT scan should be done following surgery in order to evaluate the brain injury further in an artefact-free setting. Prophylactic antibiotics and antiepileptic medication should also be prescribed. 3, 5 If cranioplasty is decided upon, this should be done only after making sure the wound is clean and that there is no evidence of infection. 5 In the first case presented here, a very long metal bar had entered the skull from the frontal lobe, crossing the midline and embedding itself within the brain, indicating the severity of the trauma. The orbital and temporal bones are the most common site of entrance due to the thin bone diameter. 2 The frontal bone is not a common site, thereby demonstrating the severity of the trauma. Although PBI has a high mortality rate, the following factors affected the final outcome in this patient: the initial GCS, no significant neurological deficit, no vascular or brain-stem injury, early resuscitation and surgical intervention, no secondary insult during metal-bar removal, aggressive meningitis treatment and stringent ICU care.
In the second case, a surgical procedure was not undertaken, since the knife had already been removed before the patient arrived at hospital. Only conservative treatment (including antiepileptic and antibiotic prescription and ICU care) was performed. The clinical condition of the patient gradually improved, and the patient had no sequelae. Furthermore, intracerebral haemorrhage and oedema may have been exaggerated on CT and MRI because there was no prominent mass sign in the abnormal density or intensity areas on the images, and contusion was suspected not to be progressed by suitable conservative therapy.
Despite the depth of penetration of the foreign body within the brain and the fact that the object crossed the midline in both cases, both patients had a good recovery and excellent outcome. Features worth mentioning on imaging include: in case 1, the entrance of the metal bar within the skull through the relative hard frontal bone, traversing the midline and deep neural structures, crossing the midline and exiting the skull near the torcular, and in case 2, the object's track within th temporal lobe, thalamus, internal capsule and proximity to the deep venous system. However, it should be noted that the deep veins and the dural sinuses were avoided in both cases. Although all of these features imply a severe and deleterious impact, the outcome in these two patients was good.
Conclusion
Although severe PBI has a poorer prognosis than blunt brain injury does, when treating these patients, aggressive and timely surgical intervention (including foreignbody removal if necessary and possible, necrotic tissue debridement and irrigation and dura repair), proper wide-spectrum antibiotic administration, stringent and diligent ICU care and careful management of the associated complications are mandated.
